This paper provides new benchmark estimates of industry-level price differentials between Japan and the U.S. for 2011 based on a bilateral price accounting model anchored to the Japan-US inputoutput tables. We apply the model to translate available demand-side data on purchaser's price PPPs for final uses (e.g. the Eurostat-OECD PPPs) and intermediate uses (e.g. the METI survey) to unmeasured producer's price PPPs for industry output. These PPPs allow us to produce price level indexes at the industry level, which we use to assess price competitiveness between Japan and the U.S. Under the nominal exchange rate of 110.6 yen per dollar as of the beginning of July 2018, we estimate that producers in Japan have a pricing advantage in 66 of 106 industries in the manufacturing sector, and in 24 of 50 industries in the service sector. We conclude that price competitiveness of Japanese service industries has considerably improved in the more recent time period. However, Japanese producers have a significant price disadvantage in comparison to their U.S. counterparts in electricity and gas supply, and most of the agricultural producing industries.
Introduction
Cross country comparisons of international competitiveness at the industry-level are inherently more difficult than aggregate comparisons. The basic issue is that comparing industries is more data demanding than comparing aggregates in general, but this is exacerbated by the fact that price differentials are mainly measured at the level of final expenditures. 1 Price data at the level of final expenditures enables one to compare output across countries at the aggregate level, by estimating the PPP for GDP from the expenditure side. One of the main impediments to comparing industries is the lack of adequate data on price differentials of domestic industry outputs and intermediate inputs across countries. This data gap has greatly limited productivity level comparisons at industry level across countries and in turn, offered little insight into cross-country supply-side efficiency measures and related policy implications (Hamadeh and AbuShanab, 2016; Jorgenson, 2018) .
The purpose of this paper is to fill this data gap for the U.S. and Japan. We employ a bilateral price model to measure 2011 benchmark industry-level price level indices (PLIs) for outputs. The PLI is defined as the ratio of the PPP to the market exchange rate. Our starting point is the Isardtype bilateral input-output table (BIOT) , that has been developed by the Ministry of Economy, Trade and Industry (METI), Government of Japan for the purpose of analyzing the interdependency among Japanese and the U.S. industries since 1985. 2 METI's Japan-US BIOTs are harmonized to a common and detailed classification of industries 3 , and provides supplementary tables on international freight and insurance and tariffs by products in both countries. Although the availability of METI's BIOT is a major advantage in forming Japan-US comparisons (that is, data of this nature is not available for most other countries), METI's compilation terminated after the publication of the 2005 BIOT (METI, 2013) . In this paper, we estimate the 2011 BIOT by extending the official 2005 BIOT. 4 methodologies and approaches to measurement. Another reason is the impact of the East Japan great earthquake disaster on March 11, 2011. The earthquake made it difficult to survey some areas in East Japan and to observe the economy, in general. Although it is hard to evaluate the quality of the 2011 benchmark JSNA at present, there are some indications of measurement error in Japan's benchmark input-output table (IOT). Nomura and Miyagawa (2018a) pointed out that the wholesale and retail service values in the 2011 benchmark IOT were considerably underestimated.
This paper incorporates their alternative estimates of wholesale and retail margins, which are one of the key parameters in the price model. The sensitivity to this revision is discussed the Appendix.
The remainder of this paper is organized as follows. Section 2 presents our representation of the production systems for Japan and the U.S. that is the basis for our accounting model, and an overview of our methodological framework. The detailed equations to describe the bilateral accounting model are provided in the Appendix. In Section 3 we describe our data sources for the Japan-US BIOT and for the price differentials that feed into the price accounting model. The results are presented in Section 4. Section 5 concludes.
Framework
We start with a basic description of our framework. Figure 1 provides the Isard-type bilateral input-output table (BIOT) . Entries of the table are in nominal values, but shown here as price times volume to emphasize how this relates to the price accounting model that we present below. Our BIOT separately identifies the imports from six exogenous economies: China, Germany, Korea, Malaysia, Taiwan, and Thailand, and the rest of the world (ROW). In the Isard-type (noncompetitive import type IOT) framework (Isard, 1951) , all purchases in Japan and the U.S. from foreign countries are recorded separately from the purchases of domestically produced goods and services. The areas surrounded by dotted squares in Figure 1 represent imports to Japan and the U.S. The variables in the BIOT are defined in the Appendix.
The prices of domestically produced products are evaluated at producer's prices (including indirect taxes required for purchasers). The prices of imported products in Japan and the U.S., from the U.S. and Japan, respectively, are evaluated at FOB (free on board) prices (producers' prices plus margin and transportation costs from producers to customs). Thus, the freight and insurance and tariff embedded in imports (in Japan-US trade) and the net indirect taxes required in imported countries (in Japan or the U.S.) are separately recorded from the FOB-price imports. The imports from exogenous economies are evaluated at the prices including CIF (cost, insurance, and freight), tariff, and the net indirect taxes embedded in imports (in Japan or the U.S.).
Figure 1: Japan-US Input-Output Table (the Isard-Type)
Note: See Appendix for the definition of the variables.
Based on the production system in Figure 1 , we specify an accounting model describing producer's prices and purchaser's prices for domestically-produced and imported products that takes into account the trade structure, freight and insurance rates, duty tax rates, wholesale and retail trade margins, and transportation costs in each product. 
D for domestic demand (D={I,H}={N, H, G, F}) . 
Figure 2: Price Deviation Paths
Path-1 starting with the box on the right shows the case where the producer-price PLI of domestic outputs is available based on surveys. In this case, the difference between , (the arrow to the lower left in Figure 2 ) and , (the arrow to the upper left) is due to the difference in the treatment of consumption taxes. Next, continuing to move left in the diagram, the producerprice PLI of composite products for intermediate use , and for household use , are derived by taking into account the difference in import prices for Japan and the U.S. (based on Equation 6 To distinguish the price level index from the prices, we use the bold as . T hese Japan-US PLIs are defined as Japan's price over the U.S. prices as in Equation (20). Although they are described as / , in the Appendix to identify the transactions Japan, the U.S., and exogenous economies, the subscript " / " is omitted in main text. 7 Since the government consumption is defined at the actual base, the products for I={N, G, F} mainly refer the products consumed for industries ' intermediate uses (N) and investment by industries and government (F). For simplicity, we use I to denote demand for industry uses.
Path-2
Path-3 Path-4 Timmer et al. (2015) , which covers Japan, the U.S.,
China, Germany, Korea, and Taiwan. In this paper, the WIOD is used to update the trade matrices from 2005 to 2011; other trade relationships are assumed to be unchanged due to the lack of the 2011 Asian International IOT.
Elementary Level PLIs
We use price-differential data obtained from Eurostat-OECD (2012), METI (2012), and many sources published by agencies and ministries of the Government of Japan and the private business sector as our starting point. 8 The total number of price data at the elementary level used in this study was 538. Since the number of products in our model based on the 2011 Japan-US BIOT is 174, on average about 3 price data points are used to estimate the price of one product in our model.
In some cases, data with different price concepts at the elementary level are integrated based on our price model, e.g., the PLIs for industry use and household use are integrated as described in Path-2 in Figure 2 . Sometimes the price data at the elementary level are highly disaggregated within one of our 174 products of interest. For example in chemical products, the PPPs for highly disaggregated products for intermediate uses are available in METI (2012). In this case, the product level PLIs are calculated as Törnqvist indices using the elementary level PLIs. If the weight for the elementary level is unavailable, the product's PLI is calculated as a simple geometric average. 8 In the context of Japan-US comparisons, a significant advantage is the availability of much richer data on price differentials among major industrialized countries. These have been gathered by the agencies and ministries of the Government of Japan since the late 1980s, as a response to an important policy focus on international price differentials after the Plaza Accord of 1985 resulted in the rapid appreciation of the Japanese yen. 9 In Table 1 Although these two surveys don't cover all the products, there are rich data on international price differentials based on the surveys implemented by a number of Japanese ministries. We use In addition, other surveys on unit prices are used in this study, where appropriate. For example, the output prices of some agricultural products evaluated at producer's price are directly observed from In the process to discern the producer's price PLIs for outputs from the purchaser's price PLIs based on the price model, the PLIs of wholesale and retail services have a significant role. Nomura and Miyagawa (2018a) pointed out that the outputs of the wholesale and retail sectors in the 2011 benchmark IOT in Japan appeared to be considerably underestimated and provided alternative estimates of wholesale and retail margins based on microdata of Census of Commerce. 13 This paper uses these margin rate and PLI estimates for 2011. These data are counted as two data points in "Other surveys on unit prices" in Table 1 . A sensitivity analysis to our choice of margins is presented in the Appendix.
Survey of PPPs on Consumer Goods and Services
The cost approach is also adopted for some products whose prices are difficult to directly observe. In the cost approach, the producer-price PLIs of domestic products are estimated by the PLIs of all intermediate products we estimated in this paper and the estimates of the PLIs for labor and capital inputs estimated in Jorgenson, Nomura, and Samuels (2018) , aggregated using the weights of the cost structures obtained from the 2011 Japan-US BIOT. Figure 3 presents the PPPs for labor and capital inputs at the aggregate level for the period 1990-2015 in Jorgenson, Nomura, and Samuels (2018) . During the recent quarter of century, the PPPs for factor inputs have considerably declined. In particular, the PPP for labor input declined by half. 14 Long-term declines in PPPs for factor inputs translates to declines in PPPs for industry outputs based on the cost approach, but obviously only for products that use the cost index approach (21 out of 538 products).
Figure 3: PPPs for Capital and Labor Inputs in 1990-2015
For a small set of products, we apply the reference PPP approach, in which the PPPs of the 13 In Nomura and Miyagawa (2018b) , the output PPP for wholesale service is estimated based on 82 goods for household use and 110 goods for industry use and the output PPP for retail service is estimated based on 87 goods for household use and 19 goods for industry use. 14 T he quality-adjusted price of labor inputs has continued to decline in Japan for 15 years from 1997 to 2012 (Nomura and Shirane, 2014 similar products are applied. In this study, the cost index approach is applied for 21 elementary level products such as government service, education, and research (that is, we back out the relative output prices by assuming that the gap in total factor productivity between Japan and the U.S. is zero), and the reference PPP approach is applied for 17 elementary level products.
Product Level PLIs
As shown in Table 1 , many of the observed price data is based on purchaser's demand prices.
Therefore, is estimated in this study by applying our price models to , and/or , for a large share of products. Table 2 presents the composition of our estimation methods. Each row shows the Central Product Classification Ver.2, and the number in the column corresponds to the number of products classified in each group (the total is the number of all products, 174).
Table 2: Number of Products by Price Deviation Path
Source: Our estimates. Note: The number of products (32) in Path-1 includes 9 products based on the cost approach and 7 products based on the reference PPP approach.
According to Table 2 , Path-1, which takes as data was applied to 32 products, which were mainly classified in Agriculture and Mining sector. Since the estimation of is the target of this study, Path-1 based on the directly observed price data is the most preferable approach. 15 T he close relationship between our estimate of the aggregate PPP for household consumption and the Eurostat-OECD PPP is expected since we used their PPP data for many consumer products at the elementary level. The relationship between our estimate of the PPP for GDP and the Eurostat-OECD measure is slightly more complicated. Conceptually, these measure the same object. But in practice our approach to constructing the PPP for government is based on total quality-adjusted input prices including capital and labor services and intermediate inputs, while the Eurostat-OECD approach is based on reference PPPs applied to the components of gross output. See box 9.2 in Eurostat-OECD (2012). 16 In the 2005 PPPs in Nomura and Miyagawa (2015) , the gaps in the estimates for M&E of GFCF were much larger as 126.1 yen per dollar of our estimates, compared to 164.0 in the Eurostat-OECD PPP. These gaps are considerably narrowed in the 2011 PPP estimates in Table 3 . 17 T he historical stories on the price competitiveness and the market exchange rates are provided in Jorgenson, Nomura, and Samuels (2018) . Our estimates show there are large differences among the PPP estimates across concepts, implying that it is important to account for conceptual differences in price measures when making international comparisons. For example, consider Motor vehicles. We use this example to highlight two pertinent issues. The first issue is that observed differences in prices paid by household and industry have important implications for measuring relative prices in domestic product, and the second issue that purchaser's prices embed the margin that must be stripped out in measuring domestic product. This becomes evident in examining the various PPPs for Motor vehicles and trailers. For simplicity, consider as a starting point the observation that the PPP for imports of Motor vehicles and trailers is 79.3 yen per dollar for industry use and 77.4 yen per dollar for household use. While these are relatively similar, it will become evident that this similarity plays an important role in backing out the PPP for domestic product. The next PPP to consider in this example is the purchase price the purchaser-price PPPs, which cover domestic products and imports. These are 83.9 and 122.8 yen per dollar for industry and household uses, respectively. The model must reconcile these observed prices, that is: the PPP for industry use is slightly above the import PPP, while the PPP for household use is significantly above the PPP. By stripping off the margins paid on sales to households and industry, the model estimates that the internally consistent producer-price PPP of the Motor vehicles and trailers is estimated to be 79.9 and 95.8 yen per dollar for industry and household use, respectively. Finally, as a composite of the products produced for 18 In some products of 174 products, the unpublished data at the most detailed level (basic headings) of the Eurostat-OECD PPPs are directly used as , . Since they are not in the public domain, we use 42 types of the broad product group for describing the demand-side PLIs. We aggregate to the ISIC classification using T örnqvist aggregation over the 173 industries. 19 T he differences in the quality of products imported by Japan and the U.S. may be somewhat reflected in the price differentials of imports from exogenous countries, although conceptually this should be counted in the volume differentials. unobserved difference in quality. 20 This price gap in output is much larger than the purchaser-price PPP of composite products for household use (133.5 yen per dollar), again emphasizing the importance of accounting for the contribution of imports and margins. In summary, in order to compare price competitiveness by industry, these cases show that it is indispensable to estimate the differentials in output prices, which can differ considerably from the purchaser-price PPPs of composite products that are more readily available in the data. Figure 6 presents the PPPs for industry outputs (excluding the net indirect taxes), * , based on 173 industry classification in 2011. There are large differences across ISIC groups in Table 4 . The declines in PPP for outputs over time in some service industries are significant. In the PPPs for service outputs in 1990 and 2005 estimated in Nomura and Miyagawa (1999) and (2015) respectively, Japan's price competitiveness was evaluated to be inferior to the U.S. in 91% ( To try to relate this to industry fundamentals, Figure 5 plots the changes in the PPPs for service outputs between 2005 and 2011 against the two-country average share of compensation of employees (COE) in gross output for the service industries in 2011. One hypothesis is that the fall in labor prices in Japan relative to the U.S. (Figure 3 ) enabled relatively labor-intensive service 20 Note that the difference in the products observed at our elementary level in Section 3.2 is considered. T he purchaser's price PPPs for Agriculture, forestry and fishing are much higher in industry use than that in household use in Table 4 . T his seems contradict that Japan's rice price is much higher than that in the U.S. However, this is consistent with that households are defined in Japan's IOT to consume rice not directly from agricultural sector, but from food manufacturing sector as polished rice. 21 We do not have a full general equilibrium model that determines how prices react to changes in policy that also results in changes to the nominal exchange rate. Therefore, our competitiveness measures reflect the joint determination of the prices and exchange rate, but we are not able to assess how prices would change if the exchange rate changes. 
Results

Conclusion
This paper provides new benchmark estimates of Japan-US industry-level price differentials for 2011, based on a price accounting model that links prices between the U.S. and Japan and maps available price data to model consistent industry prices. Price comparisons among countries at the industry level is a challenging task, but constructing measures that are conceptually appropriate is indispensable for evaluating efficiency in production systems and international competitiveness on world markets.
We find that the PPP for GDP, derived from aggregating our estimates of the PPPs for 
Appendix: Bilateral Price Model 1 Producer's Prices
To construct the price model describing the production system in Figure 1 , we use the following notation for product i: Rates of trade margin (W) of products in country k for exported products, (If l = I, the rate is for industries. If l = H, the rate is for households.). We begin with clarifying the treatment of indirect taxes in our model. In Japan's transactions of Figure 1 , only households pay the consumption tax. Therefore, we distinguish between the producer's prices of the domestically produced outputs, , , (for industry) and , , (for household). 23 The rates of net indirect taxes on products for industries and households are also distinguished as , and , , respectively. As for the prices of exports, since both the consumption tax and other indirect taxes on products are deductible, Japan's export prices to the U.S. ( , , and , , ) are formulated as:
On the other hand, the Japanese producer's price , is defined as a composite of the producer's prices across all types of demand. The total of the domestic indirect taxes (excluding indirect tax for imported products) of product i is described as:
The first term on the right-hand side represents the amount of other indirect tax paid by industries (I) and the second term is the amount of the consumption tax and other indirect tax paid by households (H). Based on , , the effective rate of indirect taxes for domestic product i in Japan is defined as:
where , , is gross output in Japan. Using , , Japan's export price to the exogenous economies is formulated as: 22 T he consumption tax on the products purchased by the producers who produce consumption tax exempt products (e.g. medical care) are non-deductible. We describe that the consumption tax is excluded from , in the description of our price model for simplicity, but some non-deductible consumption taxes in domestic final demand excluding household consumption (Z) are considered in our actual estimation. 23 In addition to the differences in indirect taxes for industry and household uses, our price model permits differences in the basic prices for industry and household uses, reflecting the observed price differentials in different demand types of the product which are classified to the same group. T hese may indicate that the types or qualities of the same product at the more detail level are different, but we treat them as if they were additive for simplicity of our price model. (2)
(3)
In the case of exports to exogenous economies, that is Equation (4), we do not distinguish between exports to industry and households due to data constraints, unlike the bilateral trade prices between Japan and the U.S. which do account for price differences between households and industry.
Analogous Equations (1) to (4) also hold for the U.S.
The IOT in Figure 1 imposes that the value of output is balanced across uses:
The first term on the right-hand side represents industry uses (intermediate uses and investment) in Japan, the second term is the imports by the U.S. industries for the intermediate uses, the third term is the household uses in Japan, the fourth term is the imports by the U.S. households, and the final term accounts for exports to exogenous economies.
Corresponding to the Isard-type BIOT in Figure 1 , we define the Chenery-Moses-type IOT (the competitive import type IOT) for both Japan and the U.S. (Chenery, 1953; Moses, 1955) . Figure A1 represents this table for Japan (the table for the U.S. is defined analogously).
Figure A1: Japanese Input-Output Table (the Chenery-Moses-Type)
Based on the Chenery-Moses-type input-output framework in Figure A1 , the output balance including Japan's uses of imports at current prices is described as:
where , is the domestic demand of product i by sector j in Japan including both domestic products and imports, and , , stands for the corresponding prices of the composite products (of domestically produced products plus imports). These demand prices are embedded in the accounting identity as:
The outputs at constant prices are assumed to be additive among the different demand types;
The former equation corresponds with the nominal balance of Equation (5) and the latter corresponds to Equation (6). We also assume additivity among domestic inputs and imports: 
relationship between producer's prices and purchaser's prices is given by:
Analogous equations exist for the U.S. The PLI in purchaser's prices for domestic products is described as:
This equation gives the relationship between the producer-price PLI and the purchaser-price PLI of domestic products.
The PLI for composite demand, which reflects the prices of both imports and its domestic from the ROW ( , , ) into Equation (33), the import prices from exogenous economies to Japan and the U.S., , , and , , , are affected. These then require the further adjustment in the estimates of , , and , , in Equation (23) 
Sensitivity to Margin Rates
In this section, we evaluate the sensitivity of the PPPs for industry outputs to our choice of margin rates. Our baseline PPP estimates depend on the margin rates of wholesale and retail services estimated in Nomura and Miyagawa (2018a) . They examined the accuracy of the estimates of the trade margin values in the 2011 benchmark IOT in Japan and found the total margin value was underestimated by about 40% due to estimation methods used in the 2011 Economic Census.
If lower margin rates are used in the measurement of PPPs via the price model, they induce higher PPPs for industry outputs (Paths-2, -3, and -4 defined in Figure 2 ). Figure A2 presents the impact on the PPPs for outputs when the margin values were reduced by 40% (on the y-axis) from our baseline estimates (on the x-axis). This low-margin case reduces the price competitiveness measures by more than 50% in 15 industries and by more than 20% in 44 industries. 27 The PPPs based on the (official) low margin case imply significantly lower productivity levels in Japanese manufacturing than those based on the adjusted margins. These low productivity levels in manufacturing are implausible in comparison to earlier studies of Japan-U.S. productivity gaps. 28 27 For example, the PPP for industry output of 170.Motor vehicles is revised to 120.0 yen per dollar in low-margin case, compared to 97.5 in baseline estimates. T he PPP for domestic output estimated in low-margin case seems to be unrealistically high as an evaluation of price competitiveness of the Japanese motor vehicle industry. 28 Kuroda and Nomura (1999) , and Jorgenson and Nomura (2007) , as well as Jorgenson, Nomura and Samuels (2016) .
Figure A2: PPPs for Goods Based on the Low Margin Scenario versus the Baseline
At the aggregate level, the low-margin case leads to and increase the PPP for GDP to 111.8 yen per dollar, from 109.0 in the baseline scenario, expanding the gap with the expenditure-side PPP for GDP in the Eurostat-OECD (107.5 yen per dollar). However, the impact of the low-margin case at the aggregate level is small compared to the impacts at the industry level presented in Figure   A2 . This is because higher PPPs for GDP in the manufacturing industries are compensated by the revised lower PPPs for GDP of the wholesale and retail industries. The low-margin case has a significant impact on the PPP for wholesale service (95.3 yen per dollar from 133.5 in the baseline estimate) and the PPP for retail service (119.7 from 136.3). These estimates based on the lower margin rates seem to be inconsistent with previous studies, providing additional evidence that those based on the official Japan Census data appear implausible. 
